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ABSTRACT

. "he lMonthly Veight and Balance Report for the Arollo Spacecraft is

filed in accordance with Paragraph 8.10 Exhibit I and is a summary
type weight report. This report reflects the current weight of the
Block I and Block II manned vehicles and explains the changes in
weight from the previous report. This report also reflects the
nission weight, center of gravity, inertia summary and dimensional
diagrams.

For Block I “ass Properties Design Data refer to SID 64-1700, dated
16 October 1964. The Block II lass Properties Design Data reference
document will be listed at a later date.
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INTRODUCT2uil

The Jaruary report cortinues to reflect the current Block II ILOR space-
craft. The current weight status summarizes the changes from the previous
Flock IT status in addition to the changes from the previous Block I status.

4 Government Furrished ‘quipment Tist has been irncluded reflecting the current
requirements in tre RJock 1 and 3lock II Technical Specifications, The Command
“odule leight, Center of Cravitr and Irertia Summary for the Lurar Orbit
Rerdezvous 1'issicn has keer revised to omit the return of the Thermal Tarment
ard (1) P73 to the Command eodule after IF7[ docking.

The curvert status reflects ar unballasted Command lfodule L/D at entry of
3L for MNock T ard .38 for Block II. The currert renert reflects a Tloek 7T
TOR spacecraft decrease of 340 pounds at injection and 225 pounds at the
injected spacecra®t crndition less Service Yedule propellant. The current
inlecte” uzizht ~f 0CROC pounds is based cn a Service Module prozelliant load-
irg for a specific impulse »f 313.0 seconds, a AV budget as defired in
SID 6L=-134!. ™his ie« tased or a Iunar Excursicr Yodule of 29,500 pounds,
exzcludire awew for Rleck 77,

The -urrent “lock T :ztatus reflects a standard manned vehicle based cn a
1C.A day mission. The major changes in the Block T are:

“ermand “odule - Tncorporation of potertial chanre itens
T15-) ircreacings sza dre marker 1ife to 12 rours,
TPS-2 increasing entry and post landing batteries based
on current requirements, C - 0-2 deleting the Irtry
Vornitoring Tndicator ard a'. ircrease in the flotatien
srvstem due to reliabilitr requirements.

Jervice “odule - Tncrease in the fuel cell per current
subconiractor information, a derreasec Ir the UF3
f:e1 arc ~xi”izer tarks based on current subcontractor
status anc¢ a reduction ir the metabolic oxygen based
> 17,4 dar refrrenze mirzior,

Tarnmy  roane Trsten - Tnorease in hallast consistent with

cormand Tcdulz arnd TTC balarce requirements.

Adapter - Tncorpcration of potential charnge item ADP-1
deleting the propellant dispersal system.

The currert 3lock TI status reflects a 8.3 cay LCR mission. The major
chanpes in the 7lock I are: :

Commard !'odule - Increases in the flotation system due

to reliatility” requirements, the PCI’ unit per currert

20llire infecrmation, the main display panel based on

-urrent analysis and a decrease in the SCS due to

incorporation of the Guidance and Control System and a

reduction in lithium hydroxide due to off loading to the

€.3 day reference mission.
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Service fodule -~ Increase in the fuel cell per current
subcontractor information, a decrease in the SP3 fuel
and oxidizer tarks baged om ourrent subecontracto-
irformation, dcletior ~f SPS isolation valves and a
reduction in the metabolic oxygen based orn an &.3
reference mission.

Adapter -~ Deletion of the propellant dispersal system
consistent with MASA requirements.

Y

load capability in orbit of 32,500 pounds in lieu of 33,500 pounds consistent
with SID 63-313, 3lock I 4p21lo Cemmand Module and Service Module 3ystem
Specification. The payload capability has teer increased br 5 pounds to 37,F0F
pourde due tn the 2ffective weicht of the Taurch Tscape 5ystem at 8,155 pounds
in lieu of 8,200 pounds. The Service '‘odule is loaded with 8345 pourds cf
propellant.,

The Farth Orbit iiission Veight Summary has been revised to reflect a pay-
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BLOCK II

SPACECRAFT

WEIGHT STATUS SUMMARY

SPACE and INFORMATION SYSTEMS DIVISION

(LESS LEM)
PREVIOUS | CHANGES | CURRENT |BASIS FOR CURRENT
STATUS TO STATUS | BLOCK II STATUS
ITEM 12-1-64 | CURRENT | 1-1-65
FEST I%CAL | BACT
COMMAND MODULE 10070 10070 54 | 46
SFRVICE MODULE } 10100 -100 10000 30| 651 5
LAUNGH ESCAPE SYSTEM | 7980 960 | 13, 91 78
ADAPTER 3700 =125 3575 | 23 77 J
TOTAL LESS PROPELLANT o ww;i‘ééb 1 -2_25 " m;ff;:—a; ~33 _1;6” ”'-2"1"
PROPELLANT 37360 -115 37245 100
" moss weram | 920 | au0 | esewo | 15| 751 10
INJECTED SPACECRAFT
WEIGHT STATUS
PREVIOUS | CHANGES CURRENT
ITEM STATUS TO STATUS
e 12-1-64 | CURRENT 1-1-65
COMMAND MODULE 10070 10070
SERVICE MODULE 10100 -100 10000
ADAPTER 3700 -125 3575
LEM 29500 29500
TOTAL S/C INJECTED VIESS P}iéééLtANT 53370 ~225 53145
PRCPELLANT 4 37360 -115 37245
| TOTAL INJECTED WEIGHT 9730 | -310 90390
14
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NORTH AMERICAN AVIATION, INC. | @ SPACE and INFORMATION SYSTEMS DIVISION

BLOCK T

CCMMAND MODULF WEICHT STATUS

PREVIOUS| CHANGES | CURRENT | BASIS FOR CURREN’I;
TR STATUS TO STATUS | BIOCK I STATUS
12-1-6L | CURRENT |1-1-65
SEST | %CAL [ZACT
WEIGHT RPTY (9391) | (+16) |(w07) | (nl ()| ()
Structure 5228 +15 5243 12 85 3 i
Stahilization & Control 198 L 194, 10 | a0
Guidance & “avigation 430 430 1100 |
Crew Systems 304 304 8 | 1 ’
Environmental Control | 311 +3 : 31 35 57 8 !
{  Tarth Landing System , 597 +1 2 598 12 88 : :
: Instrumentation ; 275 275 8L ' 16 [
; Tlectrical Power ' 1223 421 1241, ’ 91 { 9 ‘
f Peactisr "orral 3ce 300 ’ 1L ’ 86 .
| Commmication 325 20 2w
; Controls & Displays I 2C0 : =20 180 ‘ 13 : &7 |
;g:_,_r“UL LOAD L (1309) | (w) (1213) o) (96)
) Scientific Fquipment } 80 | ‘ 80 ' 100
’ Crew Systems } 840 | 4 8L4 7 93
’ Reaction Control [ 270 é 270 100
Invironmental Control s 119 119 l 100
— — _', e e s * S - e ‘
RO3S WETGH™ g 10700 ; +20 5110720 a2
15
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NORTH AMERICAN AVIATION, INC.

BLOCK II

COMMAND MODULE WEIGHT STATUS

SPACE and INFORMATION SYSTEMS DIVISION

ITEM

WEIGHT F1'PTY

Structure
Stabilization & Control
Guidance & Navigation
Crew Systems
Fnvironmental Control
Earth landing System
Instrumentation
Flectrical Power
Reaction Control
Communication
Controls & Displays
USEFUL _LOAD
Scientific Equipment
Crew Systems
Reaction Corntrol

Environmental Control

GROSS WEIGHT

v e e i -

PREVIOUS
STATUS
12-1-64

e e m— b~

(8647) |
4915
177
397
298
337
577
e1
1053
300
269
243
(1423)

963
270
110

e e st ks

10070

CHANGES
TO
CURRENT

REUN
+10
=38

+3

+3
+1

+18

+5
+15
(-17)

CURRENT
STATUS

BASIS FOR CURRENI)
BLOCK II STATUS

1-1-65

1 s o o i

(8664)
4925
139
400
298
340
578
99
1053
300
7L
258

(1406)

960
270

| . _Zgz,) -

96

10070

FEST

54
100

100
93
60
20

100
93
|

100
70
(&)

9GCAL
38) |
L6 |

FACT

86

30

(96)

. vt s e

16
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NORTH AMERICAN AVIATION, INC.

COMMAND MODULE

CURRENT WEIGHT EMPTY CHANGES

BLOCK I
STRUCTURY (+15.0)
Increase the single point flotation system due to
the addition of a redundant inflation pump and
motor for reliability per NASA direction. +15.0
I’ecrease the main display panel secondary structure
based on revised estimate of Block II display
panel installation requirements, -
STABILIZATION AND CONTROL (-4.0)

Decrease electronic control packages due to revised
estimate for the SCS humidity fix per Honeywell status. -4.0

Decrease the SCS equipment based on incorporating the
integratel Guidance and Control System consistent
with Block II requirements. -

GUIDANCE AND NAVIGATION (-)

Increase the G & N equipment based on incorporating
the integrated Guidance and Control System

consistent with Block IT requirements, -
INVTROMENTAL CONTROL SYSTEM (+3.0)
Increase oxygen control system surge tank based on
actual weight of tank assembly. +l.4
Increase waste management system due to beef-up of
vacuun cleaner hose based on test information. +1.6
EARTE_LANDING SYSTEM (+1.0)

Increase sea dye marker life to 12 hours in lieu
of six hours per NASA/NAA Recovery Aids Meetings.
This change incorporates potential item ELS-l. +1.0

INSTRUMENTATION -

Increase PCM unit based on Collins information reflect-
ing revised packaging concept for Block II in which
Block I modules will be used and the utilization
of larger connectors. -
17
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BIOCK II

(+10.0)

+15.0

-5.0
(-38.0)

-38.0
(+3.0)

+3.0
(+3.0)

+1.4

+1.6

(+1.0)

+1.0
(+18.0)

+17.2
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

COMMAND MODULE

CURRENT WEIGHT EMPTY CHANGES

BLOCK I BIOCK II

INSTRUMENTATION (CONT'D)

Increase TV camera based on current GFE list which
changes responsibility from NAA to NASA. - +0.8

ELECTRICAL POWER SYSTEM (+21.0) (<)

Increase entry and post landing batteries
based on replacing 25 ampere hour batteries
with 4O ampere hour batteries due to current
landing and post landing loads, This change
incorporates potential item EPS-2, +21.0 -

Decrease entry and post landing batteries based
on revised specification weight. -3.0 -3.0

Increase lighting equipment based on actual
weights of primary and lower equipment bay
area flood lights. +2.4 +2.4

Decrease pyrotechnic batteries based on actual
weights. -loh "lch

Increase earth landing system sequencers based
on Northrop status reflecting additional
potting required to prevent cracking. +2.0 +2.0

COMMUNICATIONS (=) (+5.0)

Increase Communications Equipment based on current
Collins information reflecting revised estimates
for Block II. - +5,0

CONTROLS AND DISPLAYS (-20.0) (+15.0)

Increase SCS controls and displays based on
Honeywell status reflecting estimate of
humidity fix. +2.0 -

Delete entry monitor indicator and replace with
a G- meter for the Block I vehicles, This
change incorporates potential item C & D -2. - 22,0 -

18
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NORTH AMERICAN AVIATION, INC. | '\' \ ) SPACE and INFORMATION SYSTEMS DIVISION

COMMAND MODULE

CURRENT WEIGHT EMPTY CHANGES

CONTROLS AND DISPLAYS (CONT'D)

Increase the controls and displays based on
calculation of preliminary drawings of the
main display panels reflecting latest config-
uration including Guidance and Control System.

TOTAL COMMAND MODULE CURRENT WEIGHT EMPTY CHANGES
(To be brought forward)

19

BLOCK I . BIOCK II

- +15.0

+16.0 +17.0
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

COMMAND MODULE

CURRENT USTFUL TOAD CEANGES

CREW SYSTEMS

Decrease the crew equipment based on current
Block I specification weight.

Decrease the crew equipment based on current
Rlock II specification weights reducing food
to 8.3 days, deleting back-pack mounted
communications as a separate item and adding
thermal coveralls.

Increase personal hygiene equipment based on
current specification requirements.,

ENVIRONMENTAL CONTROL

Decrease the lithium hydroxide based on off-
loading for the 8.3 day désign reference
mission.

TOTAL COMMAND MODULE CURRENT USEFUL LOAD CHANGES

TOTAL COMMAND MODULE CURRENT WEIGHT EMPTY CHANGES

TOTAL COMMAND MODULE CURRENT WEIGHT CHANGES

20

BIOCK I BLOCK II
(+4.0) (-3.0)
-1.0 -

- -7.0
+4.0 +4.0
(<) (-14.0)

hnd -]J‘..O
+4.0 -17.0

+16.0 +17.0
+20.0 b

SID 62-99-35



NORTH AMERICAN AVIATION, INC.

BLOCK I

SERVICE MODULD WEIGHT STATUS

B | PREVIOUS | CHANGES (CURRENT |BASIS FOR CURRENT
STATUS TO STATUS BINCK I STATUS
12-1-64 | CURRINT N-1-65
JEST |#CAL |%ACT
WeIGHT EMPTY ~~~'W*-~%"«-E%&515~ (-9) (7722) (11)| (75)) (1)
Structure 2355 2355 8 77 15
Znvironmental Control 92 92 100
Instrumentation 3L 3. 100
Flectrical Power 1615 +12 1627 2L 30 46
Main Propulsion 3057 ~-17 3040 4 96 ;
Reaction Control 566 566 20 80 i
Communication & Rendezvous Radar 12 =4 8 100
USEFUL LOAD (2119) | (-51) | (2068) (100)§
Reaction Control j 838 838 100 g
Flectrical Power ; 503 503 100 -
Environmental Control o 208 | =51 g 157 } 100 i
Main Propulsion : 570 i f 570 100 g
TOTAL SERVICE MODULE BURNOUT | 9850 l -60 1 9790 9] 80 11
21
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-

BLOCK II

SERVICE MODULE WEIGHT STATUS

PREVIOUS = CHANGES | CURRENT |BASIS FOR CUREENT
USTATUS | TO STATUS | BLOCK II STATUS
TTIHM l2-1-6/ | CURRENT '1-1-65 L
i FEST ﬁCAI,kACT
o e e v e nfmans e et et e o e i - — — 5 nn mrime < o ven o .Y‘. —— o -~
TEIGT TP (9m5) T (2k3) (7903 (38) T (56) ] (6)
Structure | 2495 2495 . 36 ' 6L |
Envirormental Control 17 117 20 | 8o |
| i ; i |
Instrumentation ! 37 - 37 100 | |
: | 5
Flectrical Power 1600 . +12 1612 38 g 30 132
Main Propulsion 2883 =57 2826 1 36 . 64
Reaction Control 577 577 30 ! 170
i ? :
Communications & Rendezvous Radar 236 . 13 239 1100 : ;
USEFUL LOAD (2155) i (-58) | (2097) § l(100) f
Reaction Montrol 838 | 838 : 100
Flectrical Power 503 Po503 100
: | r
Fnvironmental Control 208 ¢ -58 | 150 100
Main Propulsion 606 é ! 606 § 100
o - i : :
e e et o+ vt o e = e oo [SRSSRE 4 et - L «é
TOTAL STRVICE MODULE BURNOUT 10100 ; -100 [10000 | 30 | 65 { 5 i
{ L { _l
22
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION
a\;‘_?//
N~ S

SERVICE }MODULE

CURRENT WEIGHT EMPTY CHANGES

BIOCK I BLOCK II
ELECTRICAL POWER SYSTEX (-112.0) (+2,0)
Increase fuel cell system subcontractor items
due to reflecting current electrolxte weight
based on average weight of recent cells per
Pratt and Vhitney status. +12.0 +12.0
MAIN PROPULSICY SYSTEM (-17.0) (-57.0)
Decrease oxidizer and fue) tanks rased or nrrent
average actnal weight per Allison status. -10.0 -~10.0
Decrease oxidizer and fuel tanks due to a manu-
facturing revision of cylirder section of tank
assermblies from four welded sections to two
welded sections eliminating two weld lands
per tank. -7.0 -7.0
Delete the isolation valves from the Rlock 17
weight consistert with the current requirements. - -40.0
REACTION COYTROL SYSTIT! (-) (-)
Increase the propellant tark svstem due to the
addition of tank vents required to increase
the service life of the propellant tark br
vedveing 4k smelire of 450 pladder during
the fill and drain operation. This change
incorporates potential item RCS-2, +4,0 +,,0
Jecrease the propellant srstem plumbins supports
based on calculation of current drawing changes. -4,C -4,0
COMTUNICATTION % RENIZIONS RADAR (~4.0) (+3.0)
NDecrease the orbital T antenna and coax based on
calculatior cf current system requirements. -4.0 -
Decrease the high gain antenna coax and connectors
based on current estimates of system requirements. - -3.0
Inecrease -7Rard antenra coax based or current
estimates of svstem requirements, - +6.C
TOTAL STRVICE ™ODULE CURRENT WRIGHT CHATGES
(™o be brought forward.) -9.0 -42.0C

23
SID 62-99-35




-
NORTH AMERICAN AVIATION, INC. (@ SPACE and INFORMATION SYSTEMS DIVISION
N\

STRVICE MODULE

CURRENT USEFUL LOAD CHANGE

RIOCK T RIOCK TT
FVIRONMENTAL CONTROIL SYSTEM (-51.0) (-58.0)
Decrease the ECS oxygen based on off-loading
for the deisgn reference mission durations
of 10.6 day for Block I and 8.3 day including
lunar mission requirements for Rlock 77. =R1,r -58,0
TCTAL SERVICE “ODULE CURRENT USEFUL LOAD CHANGES -51.0 -58.0
TOTAL SERVICT !ODULE, CURRENT WCIGHT IIMPTY CHANGES -9.0 -42.0
TOTAL SIRVICE MCDULE CURRENT WEIGHT CHANGES -60,0 -100,0

SID 62-99-35
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\ _/57

BINCK I

LAUNCH ESCAPE SYSTEM

WEIGHT STATUS

25

SID 62-99-35

T R T T PRIVICUS | CHANGES | CURRENT |BASIS FOR CURRENT
ITT2Y STATUS TO STATUS BLOCK I STATUS
e 12-1-64 | CURRENT | 1-1-65 ~
EEST | %CAL |[ZACT
Structure 2 1534 -H2 1536 43 57
Ballast Instl. Prov. ! 29 29 1100
I'lectrical System 53 53 73 27
Propulsion System ; i
Mair Thrust L7791, L79L : i10C
Jettison L34 L3L ! 100
Jettison 'otor Skirt 92 92 100
Pitch Control 49 49 100
Separatior Provisions 16 ! 16 53 L7
C/i1 Boost Prot. Cover 535 535 100
TES - 0 BALLAST 7536 +2 7538 g8 !t 9 3
BALLAST 609 +8 617 100
TOTAL TAUN'CH WSCAPT SYSTRM 8145 +10 8155 15 8 77
.+ o .. V. S -




NORTH AMERICAN AVIATION, INC.

3LOCK_TT

TATNCH ESTAPE SYSTEM

WEIGHT STATUS

IT=

Structure

Ballast Instl. Prov.
! Flectrical
Propulsion System
lain Thrust
Jettison
Jettison Motor 3kirt
Pitch Control
Separation Provisions

C/M Boost Prot. Cover

LES - NO BALLAST

BALLAST

TOTAL LAUNCH ESCAPE SYSTEM

SPACE and INFORMATION SYSTHAMS DIVISION

[ '
IPREVICUS {CHANGES CURRENT :BASIS FOR CURRENT
! STATUS TC STA™JS ' BLOCK TI STATUS
112-1-64 |CURRENT | 1-1-65 . j v
| | UEST |$CAL [SACT
" 1534 w2 11536 . i 430 57 |
T 29 é 100 . |
53 53 73| 27
| | L
% T W94 L 100

134 131, 200
92 92 . 100
L9 L9 | 100
16 16 | 53] w

535 535 | 100

7536 w2 | 7538 8| 9| &

LL -2 M2 | 100

- b ]
7980 - 960 | B| 9| 78

26
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TAUNCH ESCAPE SYSTEM

CURRENT WEIGHT CHANGES

BLOCK II
(+2.0)

+2.0

(-2.0)

-2.0

BIOCK I
STRUCTURE (+2.0)
Increase the Q-Ball based on the current Block I
and Block II GFE weights in the Model Specifica-
tion. +2.0
BALLAST (+8.0)
Decrease ballast cornsistent with increased Q-Rall
weight supplanting ballast weight. -2.,0
Increase ballast consistent with Command Module and
LES balance requirement. +10.0
TOTAL LAUNCH ESCAPE SYSTEM CURRENT WEIGHT CHANGES +10.0

27
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NORTH AMERICAN AVIATION, INC. (!

BLOCK I

ADAPTER WEIGHT STATUS

SPACE and INFORMATION SYSTEMS DIVISION

PREVIOUS| CHANGES | CURRENT {BASIS FOR CURRENT
STATUS TO STATUS | BIOCK I STATUS
ITEM 12-1-64 | CURREN 1-1-65
9FST | ZCAL [FACT
I I NS SNSRI ST S S
Structure (Includes Stabilizing
Members ) 3250 3250 17 83
Electrical 70 70 82 18
Separation System 330 330 90 10
Propellant Dispersal System 100 -100
TOTAL ADAPTER 3750 -100 3650 25 75

28
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LA
\,
.

BLOCK II

ADAPTER WEIGHT STATUS

B v R OWRE AT S« L o we e e eeamEte e Q- —r«- A s AT 18 < - -
PREVIOUS CHANGES | CURRFNT |BASIS FCR CURRENT
I M STATUS TO STATUS BLOCK IT STATUS
i ]
Structure 3175 3175 15 : 85
Tlectrical 70 70 82 i 18
Separation System 330 33C 90 .10
| Propellant Dispersal System 125 -125 ! f i
| TOTAL ADAPTER 3700 -125 | 3575 ’ 23 | ™
[ .
29
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=/

ADAPTER

CURRENT WEIGHT CHANGES

BLOCK I BLOCK II

Delete the Service Module - LII’ propellant
dispersal system based on NASA direction.
This change incorporates potential Ttem ADP-1. -100,0 =12¢,C

TOTAL ADAPTER CURRENT WEIGHT CHANGES -100.0 -125.0

30
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NORTH AMERICAN AVIATION, INC. \@ SPACE and INFORMATION SYSTEMS DIVISION
\

COMMAND MODULE

CURRENT ESTIMATED WEIGHT EMPTY CHANGES FROM BIOCK I TO BIOCK II

STRUCTURE (-318.0)

Decrease ablator due to incorporating a boost protective
cover to carry the boost and abort loads and allow the
ablator to be designed for entry temperature only,
also add a thermal control coating which allows a
reduction in temperature of the ablator prior to entry
from +250 to +100 F and allows a reduction of required
ablator thickness. -265.0

Decrease ablator based on reduced ablator thickness
accomplisheal by changing the backface design tempera-
ture criteria of +600 F at impact to +600 F at parachute
deployment for the aft heat shield ablator. -50.0

Decrease ablator due to redesign incorporating a flat
top forward heat shield that is cut back to Station 104.5
and allows external mounting of the docking system which
is protected by the Boost Protective Cover. -20.0

Decrease forward heat shield due to redesign incorporating
a flat top forward heat shield that is cut back to
Station 104.5 and allows external mounting of the docking
system. =35.0

Increase side hatch cover due to adding provisions to
operate the hatch cover latches from the outside and
add an alumipun inner sheet which will compensate for
thermal distortion experienced when it is opened in
deep space. +10.C

Decrease inner structure due to redesign utilizing a
single-point "static gimbal" (flower-pot) chute riser
attachment. This arrangement removes the concentrated
chute loads from the longerons, and elimirates the main
chute riser wrap-around loads from the bulkhead gussets
and from the forward cylinder, -79.C

Decrease the side access hatch and hatch cover due to
deleting the window which will not be used for any

Apollo lunar landing missions. =25.0
Increase parachute attach fittings consistent with
Block II single-point attachment. +13.0
21
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

COMMAND MODULE

CURRENT ESTIMATED WEIGHT EMPTY CHANGES FROM BLOCK I TO BLOCK II

STRUCTURE (CONT!D)

Increase center section heat shield substructure due to
the attachment of the relocated horizontally mounted
forward pitch motor assembly. +7.0

Decrease crew compartment heat shield substructure due to
utilizing titanium in lieu of steel for the aft compartment
(pork chop) frames. ~41.0

Decrease main display panel due to integrating the various
subpanels originally provided to allow design flexibility. -9.0

Decrease lower equipment bay structure and coldplates due
to redesign incorporating full electronic repackaging and
method of mounting equipment to the frames at X, 42 and 20
thus reducing the number of vertical members required. -45.0

Decrease forward heat shield due to removal of access door
to pitch motor. -5.0

Add lower equipment bay supports required for food compartment
which were previously provided by Crew Systems. +8,0

Add a docking system consisting of a probe and drogue
mechanism required to transfer two crewman from CM
vehicle to the LEM vehicle in lunar rendezvous, +150.C

Increase secondary structure heat shield equipment
area due to the relocation of the Command Module to
Service Module umbilical. +30.0

Delete secondary structure supports required for Block I
R & D equipment. (R & D provisions will be defined for

each end item Block II vehicle.) - =27.0

Add weight reduction contingency. +60,C

Add mounting and stowage provisions for PLSS's and expendables. +5,0
32
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COMMAND MODULE

CURRENT ESTIMATED WEIGHT EMPTY CUANGES FROM BIOCK I TO BLOCK II

STABILIZATION & CONTROL

Decrease equipment due to repackaging for the ring
mounted lower equipment bay concept and incorporating
Guidance and Cortrol System.

Add weight reduction contingency.

GUIDANCE AND NAVIGATION

Decrease equipment due to incorporating the Block II
G & I system for the lunar spacecraft.

CREW SYSTEIS

Increase egress accessories due to adding aids for extra
vehicular activities,

Delete food storage box supports as this requirement has
been integrated with secondary structure design.

Add weight reduction contingency.

ENVIRCHNMENTAL CONTROL

Add a free condensate control required to minimize the amount
of condensation in the cabin which if excessively accumulated
would harmfully affect the respiration of the crew and cause

degradation of electronic equipment.

Provide the CO, absorber elements with a bypass in order to
attain minimim oxygen flow of 10 CFl/lian in 3.5 psia (suited)

condition.
Add a IE water transfer system.
Add weight reduction contingency.

TARTH IANDING SYSTEM

Incorporate Block II configuration utilizing a single
point parachute attachment and repackaging of chutes,

33
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(-5500)

-60.0

+5.C

(-30.0)

~30.0
(-6.0)

+10.0

-17.0
+1.0

(+26.0)

+10.0

+10.0
+5.0
+1.0

(-20.0)

-20,0



NORTH AMERICAN AVIATION, INC. |/

COMMAND HMMODULE

CURRENT ESTIMATED WEIGHT EMPTY CHANGES FROM BLOCK I TO BLOCK II

INSTRUMENTATION (-176.0)

Delete R & D instrumentation required for flight qualifications.
(R & D provisions will be defined for each end item Block II

Increase PCM equipment based on Block II requirements, +5.2
Add weight reduction contingency. +6,0
Tncrease TV camera based on current GFE weights, +0.8
ELECTRICAL POWER (-191.0)

Add a DC-DC line voltage regulator to regulate the output

at 28 + 0.5 volts for postlanding loads. +4.0
Increase electrical wiring and connectors consistent with the

1300 wire umbilical requirements. +159.0
Decrease wiring and connectors based on reduced wire gauges and

utilizing small connectors. -240.0
Decrease wiring based on relocating CM to SM umbilical. - 60.0

Decrease crew compartment wire channel covers based on
relocated umbilical. -6.0

Delete wiring provisions for Service Module temperature
control system. <4.0

Delete R & D instrumentation wiring and provisions. (R & D
provisions will be defined for each end item Block II vehicle.) -136.0

Add wiring provisions for the rendezvous radar equipment. +17.0

Decrease wiring due to reducing requirement of the controls
and displays computer keyboard. -5.0

Add wiring to provide connection between the caution and warning
panel and the units previously tested with the in-flight test
system. +5.0

Add Nuclear Radiation Detection Wiring provisions required for
the lunar vehicle. +1.0

S SID 62-99-35



NORTH AMERICAN AVIATION, iNC. SPACE and INFORMATION SYSTEMS DIVISION

COMMARD MODULE

CURRENT ESTIMATED WOIGHT IMPTY CHANGES FROM BLOCK I TO BLOCK II

ELECTRICAL POWER (CONT!D,)

Add provisions for 35-IV R FDS interface. +20.0

Add checkout provisions for the TI4 in the stowed and docked

position, +31.0
Add wiring for the up data link display. +3.0
Add wiring for the high gain control. +6.0
Decrease wiring based on lower equipment bay repackaging. -20.0

Add wiring required for Block 17 Controls and Displays

modifications. +4.C
Add weight reductior contingency. +30.0
COMMUNICATIONS (-51.0)

Delete C-Band antenna and utilize S-Band for low altitude
tracking. -19.7

Decrease equipment and wiring due to repackaging for the ring
mounted lower equipment bay concept incorporating humidit:- and

¥1'T proofing consistent with no inflight maintenance. =277
Replace the scimitar antenna with the "S" band antenna. +17.9
Transfer the VHF antenna to the Service !odule. ~-25.4
Decrease VHF recovery antenna based on new configuration of

antenna for the Block II vehicle, -L.5
Add coax cabling required for the high gain antenna. +2.4
Delete orbital HF voice communication capability. -2,0
Add weight reduction contingency. +9.0
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COMMAND MODULE

CURRENT ESTIMATED WEIGHT EMPTY CHANGES FROM BLOCK I TO BLOCK II

CONTROLS AND DISPLAYS (+77.0)
Add rendezvous radar panel required for LOR mission. +1.2
Add MNuclear Padiation Display. +3.5
Add high gain antenna control required for deep space

communication. 2.4
Increase caution and warning detector. +6.5
Modify control and display for the lunar vehicle. +12.9
Add a teleprinter display which shall display messages and

data directed to it from the up-data link equipment. +10.0
Increase mounting panels consistent with Block II configuration

reflecting elimination of subpanels. +15.3
Incorporate display functions associated with the Guidance

and Control System including an Entry Monitoring Display. +23.2

Add weight reduction contingency. +2.0

TOTAL COMMAND MODULE ESTIMATED WEIGHT EMPTY CHANGES FROM BLOCK I
TO BLOCK II (to be brought forward). ~Th4.0
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NORTH AMERICAN AVIATION, INC.

CURRINT ESTIMATTD USEFUL LOAD CHANGES FROM BLCCK I TO BLOCK II

CREW SYSTEM (+117.0)
Add two portable life support z;stems based on the current

requirements of the IOR vehicle and IIM. +106.0

Utilize Apollo spacesuits ir lieu of Gemini. +18.0

Add spare glove, repair kit and ring seals for the :ipollo
spacesult per NASA. +4.0

Decrease survival kit based on NASA information reflecting
(1) three mer life raft in lieu of (3) one man life rafts
and their associated equipment. -8.1

Decrease food based on current NAS: requirements. -11.0

Add two charged water cooled constant wear garments per
current NASA list. +9.0

Add emergency oxygen system (2) required or "lock II. +5.5

Add an external thermal garment required per the Block IT

vehicle requirements. +13.4
Increase constant wear garments per NASA Block II information. +0.9
Delete Block I GFE Growth Allowance. -18.7

Decrease hygiene and medical storare boxes based cr relesimn
cf containers that cannot be accomplished on early Block I

vehicles. -6.5
Increase portable light based on current LOR requirements. +1.5
Add weight reduction contingency. +2.0

ENVIRONMENTAL CONTROL (-23.0)

Decrease lithium hydroxide based on lunar mission analysis
based on a 8.3 day mission. -23.0

TOTAL COMMAND MODULE ESTIMATFD USEFUL LOAD CHANGES FROM BLOCK I

TO BLOCK II +94.0
TOTAL COMMAND MODULE ESTIMATED WEIGHT EMPTY CHANGES FPOM BIOCK T
TO BLOCK II =744.0
TOTAL COMMAND MODUIE ESTIMATED CHANGES FROM BLOCK I TO BLOCK II -650.0
37
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

SERVICE MODULE

CURRENT ESTIMATED WEIGHT EMPTY CHANGES FROM BLOCK I TO BLOCK II

STRUCTURE, (+140.0)

Add structural beef-up required to support the rendezvous
radar equipment. +35.0

Add structural provisions for supporting the high gain
antenna required for deep space communication. +30.0

Increase structural provisions for the C/M to S/M umbilical
fairing due to enlarging the capacity to 1300 wires. +9.0

Increase engine mount and backup structure due to stiffness
requirements. +50.0

Add micrometeoroid protection in outboard sectors of the four
propellant tanks to afford the greatest reliability. The
shielding will be of an internal type mounted directly to
the outboard panels. +110.0

Decrease structure due to reducing factor of safety from
1.5 to 1.4 on all structures requiring redesign. -25,0

Decrease outer shell panel based on redesign to a simi-arched
structure with a lesser end moment requirement and a change
in the helium pressurization access door from structural to
nonstructural, -50.0

Decrease radial beams due to reduction in web gauges, stiffener
cap area, and inner and outer cap areas. -6.0

Decrease forward bulkhead due to redesigning to a spider truss

structure in lieu of honeycomb panels. -84,0
Decrease aft bulkhead due to a reduction of face sheet thick-

ness, density of honeycomb core, and the outer ring. ~10.0
Add support shelves for relocated equipment from Sector I. +50.0
Decrease insulation on aft bulkhead due to reduction in Q-felt

density. -9.0
Decrease outer shell panel due to an increase in radiator size

required by philosophy change allowing selective freezing. -10.0
Add weight reduction contingency. +20.0
Add EVT provisions including platform and attach handles. +30,0

38

SID 62-99-35




//

/
NORTH AMERICAN AVIATION, INC. (@ SPACE and INFORMATION SYSTEMS DIVISION

SERVICE MODULE

CURRENT ESTIMATED WEIGHT EMPTY CHANGES FROM BLOCK I TO BLOCK II

ENVIRONMENTAL CONTROL (+25.0)
Increase radiator size based on philosophy change allowing
selective freezing, +25,0
INSTRUMENTATION ' (+3.0)
Add radiation detection sensors to the Service Module. +3.0
ELECTRICAL POWER (-15.0)
Increase intermodular plumbing due to adding radiator valves
required on the Block II wvehicles, +9.0
Increase wiring, connectors and shape charge consistent
with the 1300 wire umbilical. +106.0
Decrease wiring and connectors based on reduced wire gauges
and utilizing small connectors. -130,0
Increase shape change based cn relocated umbilical requirement. +20,0
Decrease wiring based on relocating CM to SM umbilical. -10.0
Decrease cryogenic tanks due to utilizing super insulation. -31.0
Decrease sequencer based on removing battery and utilizing
fuel cell power for pyrotechnics, -7.0
Decrease oxygen tank support shelf consistent with Rlock II
relocated shelf allowance. -6.0
Delete wiring provisions for Service Module TCS. -5.0
Add provisions for LE!M monitoring in stowed position. +22,.0
Add wiring provisions for high gain antenna. +13.0
Add wiring provision for rendezvous radar equipmert. +6.0
Nelete support shelf for the power distribution panel based
on Block II requirement for Bay I empty configuration. -19.0
Add weight reduction contingency. +17.0
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SERVICE MODULE

CURRENT ESTIMATED WEIGHT EMPTY CHANGES FROM BIOCK I TO BLOCK II

PROPULSION (-214.0)

Decrease propellant and oxidizer tank gauges based on
refined tank pressure regulation by utilizing precision
valves which allow design for pressure relief at 225 psi

rather than 240 psi. -50.0
Decrease propellant and oxidizer tanks due to shortening the
tanks for a 41,000 pound usable propellant. ~-191.0
Add weight reduction contingency, +27.0
REACTION CONTROL SYSTEM (+11.0)
Increase reflectors and insulation based on Service Module
boost heating and RCS plume impingement. +15.0
Reduce attachments for structural closeouts on RCS panels. -8.0
Delete electric heaters required for RCS temperature control
not required for Block II. ' -2.0
Add weight reduction contingency. ' +6.0
COMMUNICATIONS & RENDEZVOUS RADAR ' (+231.0)

Add high gain antenna system required for deep space
communications., +60,3

Add rendezvous radar equipment consistent with the LOR

requirements. +148.0
Transfer VHF communication antenna from the Command Module. +30.0
Delete orbital HF antenna required for Block I only. -8.0

TOTAL SERVICE MODULE ESTIMATED WEIGHT EMPTY CHANGES TO BLOCK II
(To be brought forward) +181.0
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SERVICE MODULE

CURRFNT ESTIMATED USEFUL LOAD CHANGES FROM BLOCK I TO BLOCK II

MATN PROPULSICH (+36.0)

Decrease Helium quantity based on reduced voliume. -11.0

Increase residuals consistent with current propellant
requirements, +47.0

ENVIRO'ENTAL CONTROIL SYSTFM (-7.0)

Decrease the ECS oxygen due to off-loading for the
design reference mission duration of 8.3 days in
lieu of 10.6 days. =24.0

Increase the ECS oxygen due to adding capability for
repressurizing the LEM and PLSS's. +17.0

TOTAL SERVICE MODULE ISTIMATED USEFUL LOAD CHANGES FROM BLOCK I

TC BLOCK II +29,0
TOTAL SERVICE MODULE ESTIMATED WEIGHT EMPTY CHANGES FRON BLOCK I
TO BLOCK II +181,0
TOTAL SERVICE MODULE ESTIMATED CHANGES FROM BLOCK I TO BLOCK IT +210.0
Al
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LAUNCH ESCAPF SYSTEM

CURRENT ESTIMATED WEIGHT CHANGES FROM BLCCK I TO BLOCK II

BALIAST (-175.0)

Decrease ballast consistent with current Command lModule IES
balance requirements. -175.0

TOTAL LAUNCH ESCAPE SYSTEM ESTIMATED WEIGHT CHANGES FROM BIOCK I
TO BLOCK II -175.0
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS LIVISION

A'.).LPTER

CURRENT ESTLIATED WrIGHT CHANGLS FROM ZLOCK I TC 3LOCK II

Decrease 3-JV 2 idapter utilized on the "lock I vehicles due to
removing the structure trusses required to stiffen the .idapter
when the IF!! is not installed. -75

TCTAL ARAPTYE CURRLNT USTIVATED ¥WEISHT CHANGES FROIN SICCK I TO BLOCK ITI =75

SID 62-99-25




NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

BLOCK I

COMMAND MODULE

POTENTIAL WEIGHT CHANGES
STRUGTURE

Relocate equipment on aft bulkhead providing new stowage
containers for lithium hydroxide. (Item STR-1)

Redesign the aft heat shield to survive water impact loads,
(Ttem STP-~2)

ENVIROMMENTAL CONTROL

Add water for the cooling during earth orbit based on the
inability of the radiators to supply sufficient cooling.
(Item ECS-1)

Add restrictors and filters to surge tank subsystem to
limit the oxygen demand flow on the cryogenic system
wher the ECS oxygen subsystem is in the high flow
cordition. (Item £C3-2)

Add an oxygen tank required for backup of surge tank
during re-entry for vehicles which do not carry PLSS's.
(Item ECS-3)

INSTRUMENTATION

Delete R & D instrumentation from the manned airframes.
(Item Instr.-1)

Add runaway RCS engine detection unit to detect possible
failures within the SCS and RCS. (Item Instr.-2)

ELECTRICAL POWER

Increase wiring provisions based on potting connectors
due to humidity requirements. (Item EPS-1)

Provide a communication adapter cable to facilitate use
of the Apollo Block I spacesuit., (Item EPS-3)

Delete wiring provisions for R & D instrumentation from
the manned airframes, (Item FPS-4)

COMMUNICATIONS

Study implementation of utilising HF recovery Antenna from
DeHavilland Aircraft Itd. (Item COM-1)

CONTROLS & DISPLAYS
Incorporate integral illumination of FDAI. (Item C&D-1)

Add Radiation detection provisions. (Item C&D-3)
TOTAL COMMAND MODULE POTENTIAL WEIGHT CHANGES

La SID 62-99-35
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+7

+200
(+80)

+78

+1

+1
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(-98)

+30
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NCRTH AMERICAN AVIATION, INC.

‘ BLOCK I

SERVICE 1IODULE

POTENTIAL WEIGHT CHANGES

INSTRUMTNTATION

Add P % T f£liett gualification sensors and sigral conditiorers
required for Rlock I vehicles. (JItem Instr.-1) A pending
decision to delete the R & D instrumentation may eleminate
this 15 pound potential.

Add radiation detection provisions. (Item Instr.-2)

ELECTRICAL POWE

Increase fuel cell based on latest ver:lor status reflecting
provisiors for parallel module operation and addition of
start-up potasium hydroxide wetting agent. (Ttem FPS-1)

Increase wiring provisions based on potting connectors due to
humidity requirements. (Item LEPS-2)

Add F % D flight qualification wiring required for Block T
‘ vehicles, (Ttem TPS-3) A pending decision to delete the
R & D instrumentation may eliminate this 15 pound potential.

PRCPULSION SYSTIX

Add duval propellant retention screens external to the existing
reservoir to increase the reliability of the SPS. (Item MPS-1)

I"'odify SP3 engine to use pneumatic action for the propellant
valves to meet Apollo requirements for reliability and start
or shutdowr: impulse accuracy. (Item MP3-2)

REACTION CONTROL

Remove RCS plume heat shields and add cork sheet for improved
thermal rrotection against P7S engine beost heating.
(Item RCS-1)

TOTAL BLOCK I SERVICE MODULE POTENTIAL WEIGHT CHAKGES
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BLOCK I

LAUNCH ESCAPE SYSTEM

POTENTIAL WEIGHT CHANGES

C/M BOOST PROTECTIVE COVER (+45)

Increase boost cover due to redesign replacing zipper
closures with solid laminate edge members, doublers and

screws., (Item LES-1) 5
TOTAL BLOCK I LAUNCH ESCAPE SYSTEM POTENTIAL WEIGHT CHANGES +45
!
|
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BLOCK I

GOVENME™'T FURNTISHMEN TQUTPMENT

The following GFT items and associated weights are consisternt with
53ID 63-313 ipolle Command Module and Service Module System Specificaticn.

Item teight Pounds
QFF Total (1318.5)
Guidance and Navigation 430.0
Crew (50, 70, 90) 528.0
Crew Lquipment ' 251.C

o

MRWHINDNOOWVMWnNE
N~ 0 'O\ AN O ONO

Pressure Garment Assembly (3) ‘
Constant Wear Garments - Gas Cooled (6)
Radiation Dosimeters

Food Set (10.6 Days)

Probe

Medical Kit - Emergency

Clinical Instrumertatior

Piomecdical Tnstrumertat’in-

Survival Iguipmert

GFE Growth Allowance

o

= ON

Instrumentation (R&D) 34.5
PAM/FM/FM Package 16.0
Gas Chromatogaph 9.5
Commutators (3) 9.0
Scientific Equipment 80.0
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

BIOCK TI

GOVENMENT FURNISHED FQUIPMENT

The following GFE items and associated weights are consistent with

SID 64-13L44 Command/Service Module Technical Specification.

Item Weight Pounds

GFE Total (31018.8)

LFM 29500.0

Guidance and Navigation 400.0

Crew (50, 70, 90) 528,0

Crew Fquipment 371.0
Pressure Garment Assembly (3) (Incl. Comm.) 102.0
Portable Life Support System (2)(Incl. Comm.) 106.0
mergency Oxygen System (2) 6.5
Constant Wear Garments - Gas Cooled (7) 6.5
Liquid Cooled Garments (2) 9.0
External Thermal Garment 13.4
Radiation Dosimeters 5.C
Food Set (8.3 days) 49.5
Probe 0.5
Medical Kit-Fmergency 2.8
Clinical Instrumentation 1.5
Biomedical Instrumentation L.3
Spacesuit Assembly Spare Parts 4.C
Survival Equipment 6C.0

TV Camera 8.8

Scientific Equipment 80,0

Rendezvous Radar 106.C

Q-Ball 25.C
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